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Abstract 
As a participant to round robin test, Middle East Technical University (METU) team performed infiltration and slope stability 
analyses to simulate a laboratory flume infiltration test and a field experiment, and calculated, for both cases, changes in the 
suction distribution and in slope stability due to rainfall and evaporation. The overall methodology, the details of the numerical 
model, calibrations to assess accurate soil properties and estimation procedure for both cases are explained and presented in this 
study. Use of separate wetting and drying soil hydraulic properties are found to be necessary for proper infiltration simulations. 
For field cases, it is concluded that evaporation and its duration also plays a critical role and must be considered in numerical 
analyses.  
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1. Introduction 
Flowslides, as an everyday growing risk, typically occurs in mountainous areas with steep slopes covered with 
loose fine grained granular soils (e.g. Campania region in Southern Italy1, Black Sea region of Northern Turkey2 
etc.). For very steep slopes, with inclination comparable or greater than internal friction angle of the soil, the slope 
stability under unsaturated conditions is guaranteed by the apparent cohesion due to soil matric suction3. Indeed, 
rainfall infiltration causes the soil to approach saturated state, thereby the suction decreases and eventually slope 
failure occurs4. 
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Early warning systems as a part of risk mitigation toward shallow landslides and/or flowslides should take into 
account, either by real time monitoring or by mathematical modelling, the following three different aspects of the 
phenomenon: the rainfall; the infiltration and flowslide triggering3. Round robin test was a contest between 
numerical modellers who focused on the second aspect. 
Middle East Technical University (METU) team defined separate numerical models for simulation of the flume 
infiltration test and the field experiment. Calibration of soil properties also were performed using the data (the data 
from previous flume tests and old monitoring data from the field site) provided by the organizing committee prior to 
the contest5. Estimation of suction distribution and stability change in slopes due to climatic changes (mainly rainfall 
and evaporation) were done using calibrated models.  
2. Flume Infiltration Tests 
The Round Robin test is basically an inter-laboratory comparison test performed independently. Recordings from 
two infiltration flume tests were given to be used in calibration of soil properties5. Then, estimates of pore pressure 
distribution and time to failure in another similar flume test were asked.  
2.1. Numerical simulation of flume models  
The pore fluid flow due to rainfall at D3 and D4 flume models was simulated numerically in 2D using SEEP/W6. 
Cervinara soil properties were then calibrated using back analyses of infiltration in these tests regarding to suction 
and volumetric water content records. 
Numerical seepage analysis was performed in two separate stages. In order to let suctions to be equalized 
throughout the soil (during the time between the preparation of flume test and rainfall initiation) an equalization 
stage was introduced in which drying soil hydraulic properties were used. For modelling rainfall infiltration also a 
rainfalling stage was defined where soil wetting properties were used.     
2.2. Calibration of soil properties for Flume case 
Available soil water characteristic curve (SWCC) and hydraulic conductivity function (HCF) for Cervinara 
(Southern Italy) soil were used as initial guesses. Prepared suction-volumetric water content value pairs at 
exfiltration and evaporation states through reconstituted soil samples and water extrusion through pressure plate 
were employed directly as drying SWCC data. Wetting SWCC data points were assessed indirectly using TDR 
records adjacent to T3 tensiometer data which are subjected to infiltration due to rainfall. Saturated volumetric water 
content was calculated using porosity of test specimens and estimated air entry value. Fredlund & Xing (1994)7 
formula was fitted to the data points consequently (figure 1(a)). 
 
  
Fig. 1. (a) SWCC at drying and wetting states and (b) Estimated drying and calibrated wetting hydraulic conductivity function (HCF) 
Hydraulic conductivity function of Cervinara soil was also assessed separately for drying and wetting states. As 
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an initial guess for drying HCF, the estimation method proposed by Fredlund et al. (1994)8 was used with reference 
to initially obtained drying SWCC. Required saturated hydraulic conductivity value was also available using 
constant head tests. Initial guess for wetting hydraulic conductivity was deduced using drying HCF and both 
SWCCs. In this approach, suction value of any data point on drying HCF was used to obtain corresponding suction 
of a point with same hydraulic conductivity on wetting HCF curve. This conversion is based on the facts that the 
constant water content on drying and wetting SWCCs corresponds to two different suction values and HCF does not 
have hysteresis with respect to water content.  
Estimated HCFs must be used carefully since generally they may contain significant error8,9.  Therefore obtained 
HCFs are only used as initial guesses and more accurate HCFs are obtained using a back analysis to capture the 
suction response recorded by tensiometers. Figure 1(b) shows calibrated drying and wetting HCFs for Cervinara 
soil. Figure 2 shows modelled suction values using calibrated hydraulic properties of Cervinara soil in comparison 
with recorded suction values in tensiometers. 
 
   
Fig. 2. Modelled versus recorded pore water pressure at location of T3, T4 and T6 tensiometers for flume test D3 
To carry out a slope stability analysis it is also required obtaining unsaturated shear strength of the test material. 
Provided data included results of a set of unsaturated triaxial shear tests which demonstrated nonlinear shear 
strength change with suction changes. Available tool for slope stability analysis, Slope/W, could only use the 
method proposed by Vanapalli et al. (1996)10 which uses SWCC of the soil to assess unsaturated shear strength. 
Considering constraints of Slope/W software11 in definition of nonlinear shear strength, an innovative technique was 
applied. In this technique, unique hypothetical SWCCs were generated using relative volumetric water content, Se 
and tanIb/tanI which were available from triaxial test results. This hypothetical SWCC was used only in calculation 
of shear strength as input for Vanapalli method and nowhere else. 
Performing coupled analysis using calibrated hydraulic soil properties in seepage simulation (SEEP/W) and 
hypothetical SWCCs in slope stability analysis (SLOPE/W) showed good agreement between assessed time to 
failure in numerical model (which considered time to F.S.=1.0) and the time lasted in flume tests D3 and D4 to 
observe failure (excessive deformations). 
2.3. Round Robin Competition (Flume Test) 
The experiment C4 consists of a slope with 10 cm thickness and 110 cm length which is tilted 40 degrees from 
horizontal and constructed from the same Cervinara soil. Therefore, after definition of the model, calibrated 
hydraulic and shear strength properties were assigned. Defined model and obtained pore pressure responses during 
rainfall application are plotted in figure 3. Deeper tensiometers (T2, T4, T7, T8) have shown almost similar response 
and tensiometers in the middle (T3, T5, T6) responded similarly. As a criterion for failure, suction values at the time 
of failure in D3 and D4 were used. These suctions are the highest values, lower than which will indicate “failure” at 
each test. Considering 1 and 2 kPa as suctions at failure in D3 and D4, 90 and 220 minutes were obtained as failure 
time in C4 test. Therefore, it was proven that “time to failure” is very sensitive to the shear strength criterion. 
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Fig. 3. (a) Defined numerical model for C4 and (b) calculated suction response at T2, T3, T4, T5 and T6 in test C4  
3. Cervinara Field Experiment 
Besides the laboratory flume test, the competition also included the estimation of pore water pressure in a real 
slope which is subjected to incidental rainfalls. The case was located at Cervinara and an instrumentation station was 
constructed in the study region, recording rainfall intensities and infiltration response of the ground (using 
tensiometers and TDR probes) since 2008. Detailed location, geometry of the critical slope and soil composition in 
instrumentation station are presented in the introductory paper5.     
3.1. Numerical modelling 
A 2D numerical model defined in SEEP/W and SLOPE/W is shown in figure 4(a). In contrast to the flume test, 
no laboratory data were provided for any of the typical soils in the slope. Therefore, assessment of their properties 
was only possible by using field data recorded from instrumentation. Tensiometer and TDR recordings could be 
used in back analyses to assess soil hydraulic properties. However, this option was also limited to the two upper 
layers, because of the limited available data.  
Rainfall records which were provided for the time period of about 9.5 months (28/10/2010 – 16/07/2011) were 
used as the ground surface boundary condition in numerical model. The bottom boundary is restrained by 
impervious bedrock which had varying depths. In order to reduce the amount of input data for calibration of soil 
properties, three time periods including major rainfalls were selected for numerical study (figure 4(b)).   
 
  
Fig. 4. (a) Defined numerical model for field experiment and (b) Suction response at different depths, rainfall records and periods for calibration 
3.2. Calibration of soil properties 
Initial guess of soil hydraulic properties were done using two methods. Tensiometer and TDR data pairs 
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were available for only soil A. Therefore, for soil A, SWCC was obtained directly by plotting suction and 
volumetric water content. On the other hand initial guess for SWCC and HCF were made for soils B, C and D using 
grain size distribution referring to the database of PLAXFLOW software12. Then, using back analyses, accurate soil 
properties were assessed by capturing suction response at specific locations. Figure 5 shows calibrated hydraulic soil 
properties. 
  
Fig. 5. (a) SWCC & (B) HCF of soils A, B, C and D 
 
Figure 6 compares the suction recordings to calculated suction values at each sampled time period of rainfall, 
obtained from numerical analysis using calibrated soil properties. 
 
   
Fig. 6. Measured and calculated suction values at various depths using calibrated soil properties at three calibration time periods 
3.3. Round robin competition (Field Experiment) 
As a part of round robin test it was asked to estimate tensiometer and TDR responses due to climatic changes at 
specific depths in time period of 01/01/2012 and 12/02/2012. To do so, precipitation and weather temperature 
recordings in the mentioned time period were provided. The modellers had to be able to predict suction and 
volumetric water content using the models which were calibrated to the soils of study region. 
 Figure 7 shows the results of the study by METU team. It must be noted that in modelling climatic changes for 
the time periods of no rainfall an evaporation rate of 2 mm/hr was assumed (applied).  
4. Conclusion 
Both infiltration flume test and field experiment were simulated numerically by SEEP/W and SLOPE/W 
softwares. Hydraulic properties of Cervinara soil were assessed accurately using provided laboratory test data and 
calibration due to suction response. Meanwhile, it was observed that the calculated suction values are very sensitive 
to the small changes in SWCC & HCF curves. It was also understood that HCF primarily affects the time axis (in 
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suction-time plots) and SWCC primarily affects the suction axis. However their effects are interrelated. In slope 
stability analyses of the flume time to failure was found to be very sensitive to shear strength criteria.  
 
 
Fig. 7. Calculated suction values at required depths due to climatic changes between 01/01/2012 and 12/02/2012 
Furthermore, it was observed that numerical simulation of a real scale steep slope in the field (susceptible to 
flowslide) challenged with a number of difficulties such as uncertainty in boundary conditions (e.g. bedrock depth 
and fissures), non-uniformity and variability in soil properties, underground water table and evaporation model. 
Among these factors, evaporation was observed to be dominant factor in suction response over a long time period. 
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